In the early life of the organism when x is small the value of this fraction may be large. If a is small in comparison with x the value of the ratio will rapidly approach unity and the decrease of K will be observed only for the early values of x. However, if a is large with respect to x the ratio will approach unity more slowly and the curve will have an increased asymmetry.
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The use of equation (3) 4 I am grateful to Professor Bray for his interest and assistance contributed to this study. 5 Reed, H. S., "Intra-seasonal Cycles of Growth," Proc. Nat. Acad. Sci., 14, 221-229 (1928 In recent years the process of cell elongation in plants has been studied by various investigators, Paal,10 Went,12 Cholodny,3 and others. In these investigations it was proved that this process takes place under influence of a special substance, the so-called growth-substance ("Wuchsstoff"). Its physiological action, since it is assumed to be present in small quantities, is more or less comparable to that of the animal hormones. The presence of this substance in the coleoptiles of grasses was first established by Paal, and it was Went who extracted it from the tips of coleoptiles and who worked out a quantitative method for testing its activity. The hormone is not only found in higher plants, but similar substances are produced in relatively large quantities by various fungi, yeasts and bacteria (Nielsen8 9, Boysen-Jensen" 2). The recent investigations of Heyn7 have shown that the growth substance influences the cell elongation by changing the plasticity of the cell wall. In order to get a better idea of the mechanism of its action, further knowledge about its chemical structure is necessary,-and the following study is therefore a first attempt to establish the chemical nature of the substance. § 1. Methods.-The substance can be obtained from various sources. Its extraction out of the tips of coleoptiles did not appear very promising to us, as very large numbers of tips would have to be worked up in order to get a reasonable yield. At first an attempt was made to isolate it from malt syrup, as investigations of Seubert" have shown that this contains the substance in rather large amounts. However, it was soon found that the various commercial samples of malt give very different yields, some of them being quite inactive, probably through small differences in the method of preparation. It was therefore decided to use, as source of the substance, cultures of fungi. A pure. culture of Rhizopus suinus, for which we have to thank Dr. Nielsen of Copenhagen, was used. In suitable media this mold produces large amounts of growth substance, as was shown by the careful and thorough studies of Nielsen. To what extent this substance is identical with that produced in the coleoptiles of grasses is uncertain, but this is not important for our purposes, as its physiological action is the same. According to Nielsen, the mold produces the hormone only when grown on solid media.* Under such conditions, however, the concentration of growth substance in the medium soon reaches a maximum and the production stops. The following arrangement was therefore made to avoid this. The fungus was grown in large Petri dishes, 18 cm. in diameter, on filter paper soaked in nutrient medium. To one side a hole was drilled in the cover of the dish, through which by means of a syphon fresh sterile medium continuously dripped into the dish. On the other side, between cover and dish, was inserted a sterilized strip of filter paper, which acted as a syphon. By this arrangement a continuous stream of nutrient medium passed through the filter paper and in 24 hours about 150 cc. of active medium was collected from each dish. Under these conditions the fungus continues to produce the growth substance over a period of several days. In order to get still larger quantities of material this arrangement was later on altered in the following way. A large bell-jar with an opening in the top was filled with wood shavings soaked with nutrient medium. The opening was fitted with a stopper with two exit tubes, and the wide end of the bell-jar was covered with a glass plate in which four holes were drilled. The whole was inverted and sterilized in the autoclave, the shavings then inoculated with a suspension of the mold spores, and the apparatus placed in a room at 370 for two days to allow the mold to develop.
After this time sterile nutrient medium was allowed to drip through the holes in the glass plate by means of syphons, and in order to keep the culture oxygenated, a current of sterile air was blown into the bell-jar VOL. 18, 1932 through one of the lower exit tubes. About 1 liter of medium dripped through in 24 hours. In all experiments, the medium described by Nielsen was used. Its composition is as follows: 10 g. dextrose, 10 g. ammonium tartrate, 0.5 g. MgSO4, 0.5 g. KH2PO4, and a trace of FeCl3, in 1 liter. In spite of all precautions, after some days the collected liquid often became infected with bacteria. In order to remove these the liquid was filtered through filter paper and a Berkefeld candle. The liquid was then concentrated under reduced pressure to about one-tenth of its volume, and stored at a temperature of 00 until required.
Its activity was tested on coleoptiles of Avena sativa by means of the method described by Went. In this method the active liquid is mixed with agar, small blocks of the agar are put on one side of the decapitated plants, and the difference in growth between the two halves of the coleoptiles measured by means of the curvature produced. A pure line of "Sieges hafer," obtained through the kindness of Dr. Akermann of Sval6f was used.
The seeds, deprived of their husks, were soaked in water for four hours, placed on filter paper for 24 hours to germinate, and planted in glass holders as described by Went. The seedlings were grown for 48 hours in a dark room at a constant temperature of 250 and a relative humidity of 85%. The coleoptiles were then decapitated at 5 mm. from the tip, the primary leaf pulled loose, and after 40 minutes the agar blocks were put on one side of the stump by means of a drop of 10% gelatin. 110 minutes after the agar was put on, the curvatures were photographed by making a shadow print on bromide paper. To wait any longer than 150 minutes between decapitating and photographing is not advisable, since the formation of the new physiological tip would interfere with the test (Dolk4).
The agar blocks were prepared by mixing In order to be able to bring all the data on to a quantative basis, some kind of a unit system had to be introduced. As unit was chosen that quantity of growth substance which has to be present in 1 cc. of solution to give, after mixing with 1 cc. of agar, an angle of 10. The total number of units per cc. of solution is then found by multiplying the angle measured by the dilution in which the test was carried out. In the experiments below, the first figure gives always the dilution, the second the angle actually measured. The actual amount of material in the block applied to the plant is only 1/200 of that which is present in 1 cc., and this quantity is termed a "plant unit." The units defined above have only an arbitrary value, since their application is limited to measurements in which the procedure described above is rigidly adhered to. The same dependence upon the conditions of the test applies to the biological assay of all animal hormones. The variety of oat used, the culture conditions, the size of the agar blocks and the time relations between the various manipulations, will all exert a considerable influence upon the final result. Van der Wey, for instance, showed that variations in the time relations alone can alter the curvatures by as much as 10 times. This is the reason that the unit as defined above cannot be compared with that proposed by Boysen-Jensen. Duplicate determinations on the same solution, however, showed that if the standardized conditions are followed, the closest possible agreement can be obtained.
In order to obtain active solutions of growth substance, the concentrated culture media were always extracted with ether to get rid of most of the salts and impurities, since From these experiments it is clear that if ether is purified with ferrous sulphate and lime (Garbarini's method6), the best results are obtained.
A small loss was still found with this ether, but this is at any rate partly due to mechanical loss on the walls of the vessel.
For the determination of the total dry matter in the solution, '/2 cc. was pipetted by means of an Ostwald pipette into a small platinum dish. This was placed on top of a small Erlenmeyer flask containing boiling redistilled water, and evaporated to dryness. It was then transferred to the oven at 1100 for five minutes, cooled in a micro-desiccator and weighed on the micro-balance. Since the amounts available for weighing were very small, the error was somewhat high, but duplicate determinations usually agreed within 2-3%, when the total amount weighed was 0.2 mg. or more. After weighing, the dish and contents were heated to redness for a moment, cooled in the desiccator and again weighed to obtain the ash. For the loan of a Christian Becker micro-balance the authors are greatly indebted to Dr. Chester Bliss of the U. S. Bureau of Entomology at Whittier, Calif. § 2. Determination of the Partition Coefficient and Dissociation Constant.-In the preliminary experiments on the effect of pH, it was found that the active solutions of the growth substance were somewhat acid, having a pH of about 4. On the addition of alkali and extraction of the alkaline solution with ether, the ether extract was found to be inactive. The growth substance was not destroyed by the alkali, for the remaining aqueous layer was still highly active.
To 25 cc. active solution was added 0. whence HAT PF (6) or F = (T-HAe)
The left-hand side of (6) 5 cc. of ether freshly distilled from FeSO4 + CaO and sodium wire, the operation being carried out in the cold room at 10 as before. Finally 3 cc. water was added to the ether extract, the ether boiled off, the solution made up to 5 cc. and the activity determined. On account of the modifying effect of the buffer on the activity tests (see below), only the ether extract could be tested. In the more acid solutions, where the extraction was more or less complete, the value of T -HA, in equation (6a) becomes The fraction dissociated at varying pH is plotted in figure 1 , in which the curve is the theoretical dissociation curve for an acid of pK 4.75. 
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The fact that the growth substance is only extractable with ether in acid solutions is very important. When media in which various organisms have grown are extracted in order to test their activity, great care has to be taken to adjust the pH beforehand, or else serious errors can be introduced. For the same reason, it was important to determine whether the growth substance in salt form had the same effect on the plant as in the free acid form. In the first experiments to determine the pK, the activity both of the water and of the ether layer were tested, as men-tioned above. At the equilibrium between the substance and its oxime, if formed, is displaced by the ether extraction in the same way as the equilibrium between the acid and its salt. Or, since most oximes are soluble in ether, the plant may be able to reconvert the oxime to the original growth substance. It may, however, be concluded that no definite evidence was obtained to indicate that the growth substance is an aldehyde. The extreme sensitivity to KMnO4 and AgNO3 indicates, however, that double linkings of some sort must be present. It is hoped to obtain further light on the nature of the double bond or bonds in subsequent work.
Effect of Acid and Alkali.-The stability with regard to acid was tested in the cold and in the hot. To l/2 cc. of an extract containing 180 units per cc. was added 1/2 cc. of 2 N HCI. After standing about 3 hours at room temperature the solution was extracted once with an equal volume of ether and the activity of the ether extract tested. This should take out 90% of the active substance. In case the high acidity should have affected the test, another 1/2 cc. similarly treated with HCl was first neutralized with NaOH and then an equal volume of pH 6 buffer added. destruction by 1 N acid proceeds rather slowly, requiring more than 30 minutes at 1000 and more than three hours at 250.
It was mentioned above that a blank was carried out for the alkali of the Fehling's solution, indicating that no effect occurred. However, a further experiment was carried out to confirm this. To one cc. of an active extract was added 1 cc. 2 N NaOH, and the liquid heated 20 minutes in boiling water, cooled, acidified with H2SO4 and extracted with three volumes freshly distilled ether. The ether extract was boiled and the activity tested as before. A similar tube containing 1 cc. of the same active extract and 1 cc. water, heated for the same time, acidified and extracted, served as blank. Activity of alkali heated extract; 5 X 18.50 = 92 units per cc. Activity of blank 5 X 17.8°= 89 units per cc. Hence no destruction is caused by 1 N NaOH in 20 minutes at 1000. §4. Experiments on Purification. Dialysis.-Various attempts were made to get the substance free from impurities. This was first tried by means of dialysis. As Nielsen had shown that on dialysis through a collodion membrane the substance is destroyed, presumably by peroxides still present, a cellophane membrane was used. A piece of glass tubing, 15 mm. bore was ground at one end and fitted into a rubber stopper so that the ground end was just flush with the surface of the stopper. Over the tube and stopper a cellophane membrane was stretched and fastened with rubber bands. Ten cc. of growth substance solution was brought into the tube and dialyzed against 25 cc. redistilled water. The inner and outer solutions were stirred by bubbling nitrogen through, and dialysis allowed to take place in the cold room at 10. After 3 days, equilibrium was reached and the solutions were tested. A test with carmine solution, after the experiment, showed the membrane to be intact.
A second experiment gave similar results.
Hence the activity as well as the total dry matter per cc. is about equally distributed over both solutions, so that in this way no appreciable purification can be obtained.
Evaporation.-After extracting the active muedium with ether, evaporating off the ether and taking up in water, Nielsen observed that the growth substance was more soluble than the rest of the oil and obtained a partial separation by this means. In our experiments the whole of the oil was dissolved in water, but on cooling the solution a large part of it again separated. Thus, in one extraction, the aqueous solution contained 96 X 5.70 = 547 units per cc. or 13,700 units in the whole volume of 25 cc.
The oil which separated on cooling was redissolved in chloroform and taken up in 10 cc. water, when part of it was dissolved, to give 8 X 7.40 = 59 units per cc. or 590 units in the whole 10 cc. The remaining oil was again dissolved in chloroform and taken up in 10 cc. water to give a solution containing 1 X 3.9°= 3.9 units per cc. or 39 units in 10 cc. Hence the whole of the oil, representing the bulk of the solid matter, contained only 631 units, while the aqueous solution contained 13,700 units. On this basis it was hoped to achieve further purification of the aqueous solution by evaporation and cooling. For Comparison of the total dry weights of solutions B and C with that of the initial solution A shows that all the solid material is accounted for within 2%, so that no loss has occurred. The total activities show, however, that inactivation to the extent of about 20% has occurred. Unless this inactivated material is quantitatively extracted at pH 7, which is not likely, some of it will be present in the pH 4 extract. Therefore, although some impurity has certainly been removed in the pH 7 extract, the net increase in purity is only slight. Some inactivation appears to be inseparable from each ether extraction, so that the highest purity could never be expected to be reached by reextracting with ether. Accordingly a final extraction of a part of the last extract was made with chloroform, using two equilibrations with an equal volume of chloroform. By this method the final dry weight per plant unit was found to be 7.0 millionths of a milligram, which represents only a slight improvement over the purity of the final ether extractions above, and also of that in table 4 . It seems probable from the above data that we have here to deal with a mixture of the growth substance and its oxidized form, the two substances being probably so closely related that even fractional extraction at different H-ion concentrations does not separate them.
For further progress in purification, larger quantities of material will be necessary in order to obtain sufficient for the preparation of crystalline derivatives and for analysis. Experiments along these lines are already in progress. SUMMARY 
